Objective To assess the relationships between the observed drop in mean systolic blood pressure (SBP) in Japan in [1986][1987][1988][1989][1990][1991][1992][1993][1994][1995][1996][1997][1998][1999][2000][2001][2002] and the use of antihypertensive treatment and lifestyle factors. Methods A nationally representative sample of 90 554 men and 101 903 women aged 20 years and over was obtained from pooled data of annual cross-sectional surveys in Japan during 1986-2002. Using two-stage least squares with an instrumental variable, we examined the association between SBP and antihypertensive medication and lifestyle factors, including body mass index (BMI), physical activity, alcohol consumption, cigarette smoking and dietary salt intake. In the surveys, regular exercise was defined as exercise for more than 30 minutes at a time more than twice a week for over 1 year. Current smoking was defined as either daily or occasional cigarette use. Current drinking was defined as an intake of more than one standard cup of Japanese sake, one large bottle of regular beer, or one double measure of whisky at a time more than three times a week. Changes in mean predicted SBP in each sex and age group between 1986 and 2002 were decomposed into the respective contributions of these explanatory variables. Findings Age-specific means of predicted SBP declined during this period by 1.8 (95% confidence interval, CI: 1.2-2.5) to 3.0 (95% CI: 2.4-3.6) mmHg in men and 3.7 (95% CI: 3.4-4.1) to 5.1 (95% CI: 4.5-5.7) mmHg in women. These reductions were partly explained by the increased use of medications across all sex and age groups and decreased mean BMI in women in their 30s and 40s. The contributions of treatment effects increased with age. Elevated mean BMI in men and elderly women offset part of the decline of their mean SBP. Conclusion Declining mean SBP in Japan between 1986 and 2002 was partly attributable to the increased use of antihypertensive medications, especially in the older population, and lowered mean BMI in young women. However, a substantial part of the decline was left unexplained and needs to be investigated further. A still greater decline in SBP would be expected through improvements in body weight management, salt and alcohol intake, and treatment and control of hypertension. 
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Findings Age-specific means of predicted SBP declined during this period by 1.8 (95% confidence interval, CI: 1.2-2.5) to 3.0 (95% CI: 2.4-3.6) mmHg in men and 3.7 (95% CI: 3.4-4.1) to 5.1 (95% CI: 4.5-5.7) mmHg in women. These reductions were partly explained by the increased use of medications across all sex and age groups and decreased mean BMI in women in their 30s and 40s. The contributions of treatment effects increased with age. Elevated mean BMI in men and elderly women offset part of the decline of their mean SBP. Conclusion Declining mean SBP in Japan between 1986 and 2002 was partly attributable to the increased use of antihypertensive medications, especially in the older population, and lowered mean BMI in young women. However, a substantial part of the decline was left unexplained and needs to be investigated further. A still greater decline in SBP would be expected through improvements in body weight management, salt and alcohol intake, and treatment and control of hypertension.
Introduction
Control of systolic blood pressure (SBP) is an important public health issue because elevated SBP is one of the independent risk factors for cardiovascular disease (CVD). 1-3 CVD is a leading contributor to the global burden of disease, accounting for 28% of 50 million deaths and 13% of 1.4 billion disability-adjusted life years in 2001. 4 Several prospective cohort studies revealed that lower SBP at baseline is associated with reduced CVD mortality and incidence. 2, 3, 5 It has been reported that even a decline of SBP at baseline by 2 mmHg is related to a reduction of 16-year mortality from CVD by 5%. 6 Effective control of SBP is thus essential for improving population health.
However, the global trend of hypertension has been worsening. The estimated global prevalence of hypertension was more than 25% among adults in the year 2000 and it is projected to rise, especially in developing countries, between 2000 and 2025. 7 It is also noteworthy that mean SBP in the United States of America decreased during the 1970s and 1980s, but the trend has stagnated since the 1990s. [8] [9] [10] A declining trend of mean SBP has been observed in several general populations, including Japan. 8, [11] [12] [13] [14] [15] Understanding why mean SBP has been decreasing in these populations is crucial for public health policy. Although population-wide and personal interventions might have been effective, the factors that actually contributed to the decline of mean SBP have not been investigated yet, largely due to the lack of longitudinal data based on a nationally representative sample. According to two previous studies of how individual SBP is distributed in the population and how the distribution had shifted over time, changes in population-wide behaviours and environmental conditions made a larger contribution to the trend than improved treatments. 16, 17 However, the nature of the cross-sectional survey data that were used in these studies precluded further quantification of the contributions of individual factors.
Japan has experienced a remarkable reduction in mean SBP since the late 1960s. 12, 13, 15, 18 A study using published summary statistics attributed the decline of mean SBP between 1965 and 1980 to the improved treatment rate of CVD.
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However, so far no one has examined why mean SBP further decreased since the 1980s in Japanese adults for which individual-level data on SBP and the use of antihypertensive medications are electronically available. The objective of this study was to explore the factors linked to the decline of mean SBP and evaluate their individual contributions by using a statistical model to address potential treatment bias in cross-sectional data and thereby obtain useful information for public health policies. Pooling data of nationally representative annual surveys in Japan between the mid 1980s and the early 2000s, this study assessed the relationships between the change in mean SBP and changes in the use of antihypertensive treatment and lifestyle factors in Japanese adults.
Methods

Data sources
We used microdata of the National Nutrition Survey (NNS), which is a cross-sectional interview and examination survey conducted on a nationally representative sample every November by the Ministry of Health, Labour and Welfare. This survey aims at obtaining basic data on anthropometry, nutritional intake and diet, and lifestyles to establish measures for nationwide health promotion. 19 The methods of the NNS have been described in detail elsewhere.
20 Eligible respondents included all residents aged 1 year and older in 300 census tracts that were randomly selected from around 900 000 census tracts. Response rates of the NNS were estimated to be 60-70%, 21 and the sample was considered representative of the Japanese population.
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In the NNS, all household members were asked to participate in physi- 1986-2002 20-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74 Antihypertensive medication use 1986-1989 "Taking," "Not taking" "Not taking"
1990-2002 "Never," "Discontinued," "Taking occasionally," "Taking daily"
"Never," "Discontinued" or "Taking occasionally"
Survey year 1986-2002 1986-2002 1986 BMI, body mass index; SBP, systolic blood pressure. a Using a Riva-Rocci mercury manometer and no specification on cuff size, certified professionals such as medical doctors, public health nurses and registered nurses measured blood pressure in the right upper arm of seated persons after 5 minutes' rest. Systolic and diastolic blood pressures were recorded once until 1999 and twice starting in 2000. The first measurement of SBP was used for consistency of measurements in this analysis. b Using a spring scale and a stadiometer, public health nurses measured the height and weight of participants wearing light clothes and no shoes. c In the survey, individuals were considered to have regular exercise if they had exercised for more than 30 minutes at a time more than twice a week for over 1 year; they were considered current smokers if they smoked daily or occasionally; and they were considered current drinkers if they consumed more than one standard cup of Japanese sake, one large bottle of regular beer, or one double measure of whisky at a time more than three times a week. d Japan has 47 prefectures (local governing units). Daily salt intake per capita at the prefecture level in each survey year was used as a reference for individual salt intake because it afforded the best available data between 1986 and 1994. Nutrition intake was recorded at the household level only, and microdata on nutrition intake were not available during this period. Data were obtained for the [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] BMI, body mass index; CI, confidence interval. a In the survey, individuals were considered to have regular exercise if they had exercised for more than 30 minutes at a time more than twice a week for over 1 year. b In the survey, individuals were considered current smokers if they smoked daily or occasionally. c In the survey, individuals were considered current drinkers if they consumed more than one standard cup of Japanese sake, one large bottle of regular beer, or one double measure of whisky at a time more than three times a week. d Hypertension was defined as SBP ³ 140 mmHg or daily use of antihypertensive medication. e Out of hypertensive population. f Treatment was defined as daily use of antihypertensive medications. g Control was defined as SBP < 140 mmHg.
total. In this study, individuals were considered to be hypertensive if they had an SBP of 140 mmHg or higher or reported daily use of antihypertensive medications. Although a diastolic blood pressure of 90 mmHg or over is also included in the widely-used definition of hypertension, 25 for simplification we did not use diastolic blood pressure in defining hypertension.
In the first stage of the two-stage least squares regression, for each individual we predicted the probability of being on treatment using the following logistic model:
where MED is a binary variable for taking antihypertensive medication; COV is the instrumental variable; X is the matrix of other covariates; e is an error term; 1 signifies the first equation; and i indexes observations. The covariates include an interaction between BMI and age; cigarette smoking; alcohol drinking; regular exercise; daily salt intake; and survey year. The variables on cigarette smoking, alcohol drinking, and regular exercise were qualitative, and survey participants answered using dichotomous or multichotomous response categories. In the survey, individuals reported whether or not they had regular exercise, which was defined as exercising for more than 30 minutes at a time more than twice a week for over 1 year.
19 They were considered current smokers if they reported smoking cigarettes daily or occasionally, and current drinkers if they reported drinking alcohol, which was defined as consuming more than one standard cup of Japanese sake, one large bottle of regular beer, or one double measure of whisky at a time more than three times a week.
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In the second stage of the model, we used ordinary least squares regression to study the SBP of individuals as a function of the predicted probability of being treated and all independent variables used in the first stage except for the instrumental variable. The equation was specified as follows:
where SBP is systolic blood pressure; Prob(MED) is the predicted probability of taking antihypertensive medication; 2 signifies the second equation; X is defined as in the first equation.
Using regression estimators, we decomposed the change in mean predicted SBP by sex and age between 1986 and 2002 into contributions of the explanatory variables. For each explanatory variable, we computed (Fig. 1) . Table 2 summarizes the age-standardized means and 95% confidence intervals of other key variables by sex in 1986 and 2002. Despite the declining trend of mean SBP, the age-standardized prevalence of hypertension did not show a remarkable change in either sex, reflecting the increasing proportion of hypertensive people who used antihypertensive medications daily and had a controlled SBP of less than 140 mmHg.
As expected, age-standardized mean SBP was substantially higher in the treated than in the untreated group in both sexes (Table 3) . This confirms the existence of simultaneous causality or endogeneity in the data. Table 4 shows that there is no difference in agestandardized mean SBP across quintiles of treatment coverage by prefecture: this indicates that the proposed instrumental variable is exogenous and satisfies one of the two conditions of a valid instrumental variable.
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Mean systolic blood pressure decline in Japan Nayu Ikeda et al. In the survey, individuals were considered to have regular exercise if they had exercised for more than 30 minutes at a time more than twice a week for over 1 year. c In the survey, individuals were considered current smokers if they smoked daily or occasionally. d In the survey, individuals were considered current drinkers if they consumed more than one standard cup of Japanese sake, one large bottle of regular beer, or one double measure of whisky at a time more than three times a week. e 1987-2001 are omitted.
In the first-stage logistic regression, the individual use of antihypertensive medications was significantly and positively associated with the proportion of individuals with hypertension who were treated in their prefecture of residence in both sexes (odds ratio, OR: 47.7, 95% CI: 22.5-100.8 in men; OR: 16.1, 95% CI: 8.9-29.2 in women). Its significant association with the endogenous variable means that it meets another condition for a valid instrumental variable. The median of predicted probability of taking medications was 0.11 (range: 0.02-0.70) in men and 0.10 (range: 0.02-0.92) in women.
In the second-stage regression of SBP, the coefficient of the probability of being treated indicates that individual SBP would significantly decline on average by 2.1 mmHg (95% CI: 1.4-2.7) and 3.3 mmHg (95% CI: 2.3-4.2) in men and women, respectively, with an increase of the probability of taking medication by 10% (Table 5 ). All other explanatory variables were significantly associated with SBP in both sexes, except regular exercise and cigarette smoking in women. In men, the association of regular exercise with SBP was substantially smaller than that of alcohol drinking, and the association of cigarette smoking with SBP was small too. Table 6 provides the age-specific means of predicted SBP by sex and age group in 1986 and 2002. The means declined in all age groups in both sexes by 1.8 (95% CI: 1.2-2.5) to 3.0 (95% CI: 2.4-3.6) mmHg in men and 3.7 (95% CI: 3.4-4.1) to 5.1 (95% CI: 4.5-5.7) mmHg in women. The differences in means between 1986 and 2002 were statistically significant across all sex and age groups.
Contributions of different factors
The decomposition of the change in agespecific mean SBP by sex between 1986 and 2002 into contributions of the explanatory variables is illustrated in Fig. 2 and Fig. 3 . The contribution of increased mean probability of taking antihypertensive medications was the largest of all the contributions made by the independent variables included in the model, except in young women. The magnitude of its contribution in men ranged from −0.29 mmHg (95% CI: −0.31 to −0.27 mmHg) to −1.93 mmHg (95% CI: −2.19 to −1.68 mmHg) in the 20-29 year and 70-74 year age groups, respectively, and in women from −0.22 mmHg (95% CI: −0.24 to −0.20 mmHg) to −2.46 mmHg (95% CI: −2.90 to −2.03 mmHg) in the 30-34 year and 70-74 year age groups, respectively. The contribution of treatment increased with age in both sexes, reflecting a larger increase in the probability of being treated among older adults.
In women in their 30s and 40s, decreased mean BMI was the major contributor to the decline of mean SBP. Portions of the SBP decline attributed to this factor were as follows for the respective age groups: −0.68 mmHg (95% CI: −1.21 to −0.16 mmHg) Reduced mean daily salt intake contributed significantly to the decline of mean SBP by −0.4 to −0.2 mmHg in all age groups in both sexes. However, these values should be considered as a reference only, because the measure of salt intake used in this study was an aggregate at the prefecture level as described in Table 1 .
Decreased prevalence of alcohol drinking contributed to the reduction of mean SBP in men in their 30s. The size of its contribution in the respective age groups is: −0.31 mmHg (95% CI: −0.52 to −0.10 mmHg) in 30-34 years, and −0.22 mmHg (95% CI: −0.42 to −0.03 mmHg) in 35-39 years. In contrast, the prevalence of alcohol drinking rose in men aged 70 years and over, and mean SBP increased by 0.35 mmHg (95% CI: 0.10-0.60) in men 70-74 years and by 0.25 mmHg (95% CI: 0.02-0.48) in men 75 years and over. The prevalence of alcohol drinking also increased in women aged under 60 years, and a concomitant rise in their mean SBP by 0.2 mmHg was noted.
Regular exercise contributed very little to the decline of mean SBP by less than 0.1 mmHg in all age groups in both sexes. This minor effect of physical activity was largely attributable to its small association with individual SBP, given that the prevalence of regular exercise increased substantially during this period.
Finally, after considering both positive and negative contributions to the decline of mean SBP, a remaining reduction of 2.44 mmHg in men and 3.14 mmHg in women was left unexplained by this model. These values were constant across age groups and equivalent to the coefficients of the survey year 2002 estimated in the secondstage regression.
Discussion
This paper presents the first attempt to measure the contributions of relevant factors to the decline of mean SBP in Japan. The study used the two-stage least squares method with the instrumental variable and pooled data of the nationally representative cross-sectional survey over a long period of time. The study identified two major contributors to the change of mean SBP in Japan for the past 17 years. First, the effect of antihypertensive medications was substantial in older adults. It was a product of the association between SBP and antihypertensive medications and the change in the probability of taking medications. The considerable association of treatment with SBP that we observed using this instrumental variable approach raises questions on whether this is an overestimation or whether patients that get treated in Japan have been managed well. Although the NNS did not ask which antihypertensive drug class the study participants used, thiazide diuretics and beta-blockers were the most frequently prescribed drugs during the 1980s, 30,31 and calcium channel blockers and angiotensin-converting enzyme inhibitors since the 1990s.
32-34
Previous meta-analyses assessed the average effects of antihypertensive medications on SBP to be 9-15 mmHg for single-drug standard-dose therapies and 20 mmHg for three-drug regimens in people having a cardiovascular event and usual pretreatment blood pressure at 150/90 mmHg. 35, 36 Our estimates therefore approximate treatment effects well for this type of analysis using crosssectional survey data. Moreover, the considerable increase in the probability
Research
Mean systolic blood pressure decline in Japan Nayu Ikeda et al. of being treated in older adults might be partly attributable to the better awareness of physicians about the importance of diagnosis and treatment of hypertension. Several recommendations and guidelines for the management of hypertension were published in Japan during this period. [37] [38] [39] [40] In addition, this study suggested that there is still considerable room for further decrease in mean SBP through improving treatment coverage and control of hypertension. This is especially the case for men, having poorer coverage and control rates than women in 2002.
Another principal finding of this study is that the contribution of decreased mean BMI was substantial in women in their 30s and 40s, whereas increased mean BMI offset a large part of the decrease of mean SBP in men and elderly women. These different trends of BMI across sex and age groups in Japan have been reported elsewhere.
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Although the decreasing trend of mean BMI brought favourable consequences in young women, it must be noted that the trend of excessive thinness would ultimately result in adverse health outcomes.
42 Moreover, our results confirmed for the first time in the Japanese context the adverse effect of overweight and obesity on mean SBP, which had been pointed out in previous studies. 8, 9, 17 Formulating effective policies to stop this trend is extremely urgent to further decrease mean SBP and the disease burden from CVD, particularly in Japanese men. Lifestyle-related factors such as physical activity, alcohol drinking and dietary salt intake made only limited contributions to the decline of mean SBP in this study. Nevertheless, improving lifestyle will undoubtedly have a beneficial effect on reducing mean SBP at the population level. The negligible contribution of regular exercise was largely attributable to its small association with SBP at the individual level, which was unexpected. However, it might be ascribed to potential confounding factors between physical activity and SBP that were not included in our model, 43 or to multiple physiological paths for its protective effects.
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Further investigation on the association between physical activity and blood pressure would be necessary in future research. Moreover, the contribution of alcohol drinking was very small because its prevalence did not change much during this period. Given that alcohol drinking showed a relatively large association with SBP, an adequate decrease in the prevalence of alcohol drinking would bring a considerable decline in mean SBP, especially in Japanese men. Furthermore, this study demonstrated that cigarette smoking had a negligible association with SBP, which was consistent with a finding of a study using Health Survey for England. 45 This might sound counterintuitive because it is well known that smoking cessation is important for total cardiovascular risk reduction. Smoking, however, raises blood pressure only acutely, and blood pressure returns to the baseline level a quarter of an hour after smoking ceases. 25 An SBP measured at surveys, therefore, does not reflect the effects of cigarette smoking, and it is safely said that the finding of this study is valid.
These findings and implications are relevant to health policies in countries where the prevalence of hypertension or mean SBP is expected to rise. 7, 9 Continued efforts should be taken to encourage maintaining adequate body weight, keeping alcohol consumption and salt intake to a minimum, and improving the management of hypertension. Introduction of affordable medications such as multidrug regi- mens would be particularly helpful in developing countries. 46 The limitations of this study should be taken into consideration in the interpretation of its findings. First, the use of the instrumental variable cannot derive a causal relationship from these cross-sectional data. Longitudinal data obtained from a nationally representative sample are necessary to examine true causal relationships between blood pressure and relevant factors. Second, as with all data from interview and examination surveys, ours might contain measurement errors resulting from a white-coat effect on the first measurement of SBP, changes in questioning techniques over the study period of 17 years, and self-reports of antihypertensive medications and lifestyles.
Finally, a considerable part of the reduction in mean SBP remains unexplained, which may be partly attributable to the limited availability of explanatory variables from the survey. In our model we did not include the intake of key nutrients other than dietary salt, such as calcium, magnesium, potassium and vegetable protein, in order to minimize estimation bias resulting from aggregation of data, as mentioned in Table 1 . Other variables of interest that were not available from our data include educational background, marital status, occupation, income, urban/ rural dwelling, psychosocial factors (e.g. family responsibilities and job strain), the amount of drinking, the quantity and intensity of physical activity, and birth weight. Data on these and other variables should be extensively collected and incorporated in the model in future research. Further enquiry into the statistical method to address treatment effects would also improve the model's capability to explain the decrease in mean SBP in some general populations.
In conclusion, the decline of mean SBP in Japan between 1986 and 2002 was partly attributable to increased use of antihypertensive medications, especially in older adults, and decreased mean BMI in young women. Mean SBP of Japanese adults would further decrease through improvements in body weight management in men and elderly women, dietary salt intake, alcohol drinking, and treatment and control of high blood pressure. ■
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Resumen
Razones de la disminución de la presión arterial sistólica en el Japón: análisis de datos combinados de la Encuesta Nacional sobre Nutrición 1986 Nutrición -2002 Objetivo Determinar la relación existente entre la caída de la presión arterial sistólica (PAS) media observada en el Japón en 1986-2002 y el uso de tratamiento antihipertensivo y diversos factores relacionados con el modo de vida. Métodos A partir de datos combinados de encuestas transversales anuales realizadas en el Japón durante 1986-2002, se obtuvo una muestra representativa a nivel nacional de 90 554 hombres y 101 903 mujeres de 20 o más años de edad. Utilizando el método de mínimos cuadrados en dos etapas con una variable instrumental, analizamos la relación entre la PAS y el uso de medicación antihipertensiva y diversos factores relacionados con el modo de vida, incluidos el índice de masa corporal (IMC), la actividad física, el consumo de alcohol, el consumo de tabaco y la ingesta de sal en la dieta. En las encuestas, la realización regular de ejercicio se definió como la práctica de ejercicio durante más de 30 minutos más de dos veces a la semana a lo largo de más de un año. Se consideró que la persona fumaba cuando consumía tabaco de forma diaria u ocasional, y que bebía alcohol cuando la ingesta de éste superaba el equivalente a un vaso corriente de sake japonés, una botella grande de cerveza normal o un whisky doble más de tres veces a la semana. Las variaciones de las PAS medias predichas para cada sexo y grupo de edad entre 1986 y 2002 se descompusieron de acuerdo con las contribuciones respectivas de esas variables independientes.
Resultados Los valores predichos de la medias por edad de la PAS disminuyeron durante el periodo considerado entre 1,8 (intervalo de confianza del 95%, IC95%: 1,2-2,5) y 3,0 (IC95%: 2,4-3,6) mmHg en los hombres y entre 3,7 (IC95%: 3,4-4,1) y 5,1 (IC95%: 4,5-5,7) mmHg en las mujeres. Esas reducciones se explicaban en parte por el mayor uso de medicamentos en los dos sexos y en todos los grupos de edad y por la reducción del IMC medio en las mujeres de entre 30 y 50 años. La contribución del tratamiento a esos resultados aumentaba con la edad. La elevación del IMC medio en los hombres y entre las mujeres de edad contrarrestaba parte de la disminución de su PAS media. Conclusión La disminución de la PAS media en el Japón entre 1986 y 2002 es atribuible en parte al mayor uso de medicamentos antihipertensivos, sobre todo en la población de edad avanzada, así como a una reducción del IMC medio entre las mujeres jóvenes. Sin embargo, queda por explicar una parte sustancial de la disminución observada, que habrá que investigar más a fondo. La PAS podría disminuir aún más introduciendo mejoras en el control del peso corporal, el consumo de sal y alcohol, y el tratamiento y control de la hipertensión. 
